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Stereochemistry of Hydride Reductions  
Our efforts during the past year have been along three lines of 
research involving reductions of cyclohexanones (1) reduction with 
i-Du,A1H and i-Bu3A1 (2) reductions with Likl(i-Bu) 3 n-Bu and (3) 
reductions with a wide variety of known complex metal hydrides. 
Summaries of the results from the three projects follow: 
(1) The reduction of 3,3,5-trimethylcyclohexanone and 4-tert-
butylcyclohexanone with diisobutylaluminum hydride (DIBAH) and with 
triisobutylaluminum (TIBA) has been examined in ether and in benzene. 
Reduction of these ketones with DIDAH in 1:1 stoichiometry produces the 
epimeric alcohols in quantitative yield. The isomer ratio of the product 
mixture is essentially independent of solvent and reactant stoichiometry. 
On the other hand, reduction of these ketones with TIBA is more selective 
and is accompanied by some (ca. 5%) enolization. The isomer ratio of 
the product mixture is essentially independent of solvent, but dependent 
on the reactant stoichiometry and the initial concentration of TIRA. 
Evidence is presented which indicates that the epimeric ratio of alcohol 
products is influenced by the degree of association of TIBA, complex 
formation between TIBA and the aluminum alkoxide formed, and isomer 
equilibration by a Meerwein-Ponndorf-Verley pathway. 
(2) Lithium triisobutyl-n-butylaluminate (LTA) was prepared by 
reaction of :a-butyllithium with triisobutylaluminum. Reduction of 3,3,5- 
trimethylcyclohe.xanone with LTA in benzene gave a mixture of epimeric 
alcohols containing 97% of the trans isomer, while reduction of 4-t-
butylcyclohexanone with LTA in ether or benzene led to a r[lxture of 
2 
alcohols containing 4'6 of the trans isomer. In all cases reduction was 
accompanied by 0-3% alkylation, but formation of aluminum enolate was 
not observed. Unlike the results obtained from reduction of those 
ketones with triisobutylaiuminum, the stereochemical composition of the 
product mixture from LTA reduction was independent of reactant stoichiometry, 
concentration of reducing agent, and the nature of the solvent. 
(3) The stereochemistry of reduction of several ketones by a 
variety of metal hydrides was investigated. The results are discussed 
in terms of steric approach control, torsional strain, compression effect, 
and change in conformation of the ketone. The stereochemistry of reduction 
of NA 1H4 is shown to be dependent on le and concentration. Comparison 
of LiA1H4 and LiBH4 show LiBH4 to be less subject to steric hinderance. 
Reduction of 2-methylcyclohexanone with CiMgA1H4 and Mg(AIH4) 2 give 
results best explained by complexing the carbonyl oxygen with mg
++ 
and by a change in the conformation of the ketone. Results from reductions 
of cyclopentanones and cis-2-methyl-4-tert-butylcyclohexanone do not suggest 
the presence of a compression effect for metal hydride reduction. A 
study of LiAl(OR)3H stereochemistry'showed it to be independent of 
concentration. Several new and other hydrides are investigated as 
reducing agents. Stereochemical results with LiAlD4 and LiA1114.are found 
to be the same. 
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Attached 1.3 a brief annual report concerning our work on mechanisms 
and stereochemistry of metal hydride reductions. 2 have requested our accounting 
office to supply you with the information requested in the Financial Statement 
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B.C. Ashby 
Regents' Professor of Chemistry 
FiCA:cb 
13E117 ANNUAL REPORT 
PEP No. 
TITLE OF GRANT 
PRINCIPAL INVESTIGATOR E.C. Ashby 
INSTITUTION 	Georgia Institute of Technology 
Our efforts during the past year have been along two lines of endeavor: 
(1) a study of the mechanism of LiA1114 reduction of ketones and (2) development 
of a new reagent (LikIII4-CuI) to effect conjugate reduction of enones. 
Suamaries of the two projects are as follows: 
ketkSc 
(1) Pb-ttedo first order kinetic studies on the reaction of LiA1H4, 
NaAIR4 and LiAID4 with mesityl phenyl ketone have been carried out in tetra-
hydrofuran at 25 ° . The reactions were carried out in excess hydride and 
found to be first order in hydride and first order in ketone. LIA1H4 is about 
ten times more reactive than NaA1H4 which indicates the importance of the cation 
in the mechanism of the reaction. A deuterium kinetic isotope study inYolving 
the reaction of LiAIII4 and LiAID 4 with mesityl phenyl ketone gave a value of 
4-c 
kliklo of 1.27 which implicates the transfer of the hydride from aluminum et the 
carbonyl carbon in the rate determining step of the reaction. Entropies of 
activation for reduction of mesityl phenyl ketone by LiA1R4 and =1114 indicate 
that the transition state is considerably more ordered for reduction by LiA1H4 
(-26.2 vs -5.4 eu) and that the transition state is of considerably lower 
energy (10.5 vs 18.1 kcal). 
(2) Conjugate reduction of 2,2,6,6-tetramethyl-trans-4-hepten-3-one and 
mesityl and oxide by the new reagents LiA1H47CuI and Li&1114-TiC13 have been 
studied. The optimum conditions for conjugate reduction depend on the ratio of 
L9AIH4:CuI (or TiC13 ):enone, temperature, solvent, and reaction time involving 
E.C. Ashby 
Lit11.1/11. and Cul or TiC13 before the enone is added. Enone I can be reduced in 
quantitative yield and 100% reciozelectivity in 1 hr or less when the CB tic> 
of LiA1T14:0u1:enone is 1:4:1 1  the solvent is TEW and the temperature is 0 ° . 
Enone II can be reduced in 70% yield and 100% regioselectivity when the 
Cat enone ratio is 1:4:0.5 in TIIF at 0 ° in 1 hour or less. Reduction of enones 
I and II with LiA .H 
	proceeds with 100% re iLioselectivityg however the 
yields are lower (66 and 34% respectively) compared to the results obtained. 
with the LiAlltv-Cul reagent. 
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American Chemical Society 
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Gentlemen: 
Enclosed is the original and one copy of the Final Financial 
Statement and Personnel Statement for PRF No. 3211 -AC4. 
If you have any questions or require additional information, 
please let us know. 
Sincerely yours, 
C. Evan Crosby/ 




cc: Dr. E. C. Ashby with encl: 
Dr. J. A. Bertrand with end: 
Mr. E. E. Renfro with encl: / 
Mr. A. H. Becker with encl:v ( 
 File G-33-655 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
FINALFINANCIAL STATEMENT  
(Insert "Annual" or "Final", as appropriate) 
AMERICAN CHEMICAL SOCIETY - THE PETROLEUM RESEARCH FUND 
For the Per   to 	G 	31 // 7 6  
(August fis the preferred closing date or the reporting period) 
Balance at Start of Reporting Period 
Received from PRF During Reporting Period 
Salaries 	to: 
Principal Investigator 
(Contribution toward summer salary*) 






Fellowships or Scholarships to: 
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Graduate Fellows .00 
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Tuition .00 
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